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Effect of Time of Summer Pruning
On Bud Set, Limb Development,
And Shoot Growth of Sheared Pines
James H. Brown
THE
number of plantation-grown Christmas trees is increasing yearly.
Sowder (1956 and 1961) estimated that in 1955 there were approxi-
mately 225,000 acres of privately owned land in the United States
planted solely in Christmas trees. In 1960 this estimate had risen to
over 625,000 acres. Mitchell and Kendrich (1960) estimated that in
Ohio alone total plantings of Christmas trees had risen from slightly
over 500,000 trees in 1948 to over 3.2 million in 1956.
With this tremendous increase in production of plantation-grown
Christmas trees, it is becoming increasingly important that the grower
offer high quality trees for sale to the public. Production of such trees
requires a great deal of care and cultural treatment in the plantation.
Pruning or shearing, 1 a cultural practice used to produce a more com-
pact and symmetrical tree, is of primary importance.
Scotch pine (Pinus sylvestris L. ), red pine {Finns resinosa Ait.),
and white pine (Pinus strobus L.) make up approximately two-thirds
of the total number of Christmas trees planted in West Virginia. After
an initial establishment period of one to four years, during which seed-
lings are developing an extensive root system, trees of these species
usually grow so rapidly that long internodes between whorls of limbs
and laterals of varying length give them an open and irregular appear-
ance (Figure 1). Without pruning it is probable that only 30 to 40
per cent of the trees will be of salable quality. With proper cultural
treatment, principally shearing, the number of salable, high quality
trees can be increased to 75 to 90 per cent of the total number planted
(Figure 2).
Although pruning requires considerable expenditure of time and
money, this expenditure is well justified by the increased value of the
crop. Not only will the grower be able to command a better price
iln this bulletin the terms shearing and pruning are used interchangeably with
no distinction between the two.
FIGURE 1. Unpruned Scotch pine. FIGURE 2. Pruned Scotch pine. Note
Note the open irregular appearance of that irregularities in density and out-
the tree caused by variations in den- line have been regulated to give an
sity and laterals of irregular length. even, conical tree.
for his trees (usually two or three times that of most unsheared trees),
but he will also have greater assurance of sales for his product during
times of increased competition and oversupply.
A study by Brown (1961) reported the effects of fall and winter
pruning on the bud set, bud development, and foliage growth of red,
white, and Scotch pine. The purposes of the studies reported here
were to test the effects of pruning at various times during the summer
on these same characteristics of sheared red, white, and Scotch pines.
Procedure
Four plantation areas were used in these studies: one was located
at an elevation of 1,800 feet, near Bruceton Mills, West Virginia; a
second at 2,100 feet, near Reedsville, West Virginia; a third on the
West Virginia University Forest east of Morgantown, West Virginia,
at an elevation of 2,200 feet; and the fourth near Keysers Ridge, Gar-
rett County, Maryland, at an elevation of 2,450 feet. Thirteen separate
groups of trees were used, with trees of each group receiving either
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one, two, three, or four prunings during the summers of 1957 to 1962
(Table 1). Each group consisted of 70 trees, with 10 of these being
pruned at each of 6 separate times, early-June, mid-June, early-July,
mid-July, early-August, and mid-August. Ten trees of each group were
left as unpruned controls.
In pruning, die terminals were sheared to lengths of approximately
9 to 12 inches and laterals were cut to varying lengths to produce a
symmetrical and nearly cone-shaped tree (Figure 3). Cuts on ter-
minals were made at an angle of approximately 45 to 60 degrees in order
to minimize the number of trees which developed multiple terminals
following pruning (Brown 1961). After pruning, a large number of
adventitious buds normally formed at the bases of needle fascicles,
usually near the ends of the cut stems (Figure 4). Following pruning,
information was taken on the progress of the development of these
adventitious buds and on the subsequent formation and growth of new
limbs from these buds.
Results
In these studies rather definite patterns of bud set, limb develop-
ment, and shoot growth on pruned trees appeared for each of the three
species tested. These trends and their more important variations are
discussed in detail in the sections that follow.
Effect of Time of Pruning on Bud Set
And Limb Development on Cut Stems
One of the primary purposes of pruning pines is to increase the
number of whorl limbs on the trees, thereby providing more foliage
FIGURE 3. Scotch pine immediately after first pruning. Irregularities in
outline have been corrected to give an even, conical tree. However, variations
in density will not be filled in until additional limbs have formed at the points
of pruning.
FIGURE 4. New buds forming at the bases of needle fascicles on a pruned
Scotch pine terminal.
to give a denser, more even appearing tree. The pattern of bud set
and subsequent limb development from buds on trees used in these
studies is summarized in Figure 5 and Table 2. Three separate broken
line curves are presented for each species (Figure 5). The first of
these, number of buds after pruning, summarizes the pattern of for-
mation of new buds on cut terminals. These counts were made in the
late fall of the year in which the trees were pruned and, except for
variations which will be noted, represent the total number of buds
from which the next year's whorl limbs will arise. The second curve,
total number of limbs formed on pruned stems, represents the limbs
arising from the new buds formed after pruning. These data were
taken the summer following shearing. At that time many of the limbs
were quite small and weak and it was usually impossible to tell exactly
how many and which ones would actually contribute to the foliage
a: SCOTCH PINE
EARLY- MID- EARLY- MID- EARLY- MID-
JUNE JUNE JULY JULY AUGUST AUGUST
TIME OF PRUNING
FIGURE 5. Effect of time of pruning on bud and limb development on terminal
stems.
TABLE 2
Comparison of Bud Set, Limb Development, and Terminal


























Pruning 7.2 222 243 238 218 242 196
Total Limbs, Year
After Pruning .... 6.9 214 232 227 212 203 191
Effective Limbs, 2
to 4 Years After
Pruning 6.2 200 198 179 156 142 127
Terminal Growth, Year
After Pruning 1.31 (ft.) 90 86 73 63 50 36
RED PINE
Buds After Pruning . . 4.1 156 168 158 124 85 10
Total Limbs, Year
After Pruning . . . 4.1 151 163 161 132 117 95
Effective Limbs, 2
to 4 Years After
Pruning 3.9 117 133 123 82 64 46
Terminal Growth, Year
After Pruning . 1.05 (ft.) 85 80 61 41 30 17
WHITE PINE
Buds After Pruning . . . 7.0 113 122 138 113 33 3
Total Limbs, Year
After Pruning .... 6.4 117 134 147 119 42 9
Effective Limbs, 2
to 4 Years After
Pruning 6.1 89 100 93 74 10 3
Terminal Growth, Year
After Pruning .... 1.30 (ft.) 64 58 48 35 8 2
density of the tree. The third curve, labeled effective limbs, shows
the number which actually contributed to foliage density, and counts
for this curve were taken two to four years after the original pruning.
Each individual broken line curve in Figure 5 represents a sum-
mary of data for all of the groups of a particular species, as listed
in Table 1. For example, the curves for Scotch pine represent six
separate groups of trees (Numbers 1, 3, 5, 8, 12, and 13) and fifteen
separate prunings (2 for group 1, 4 for group 2, etc.). Each indi-
vidual point plotted on the Scotch pine curves thus represents 150
individual prunings of trees, since each group contained ten trees and
there were 15 prunings. Even the points on the curves for white
pine, for which there were only three groups of trees and six separate
prunings, are represented by results for 60 individual prunings. Vari-
ations from the overall trends shown in Figure 5 did appear, and
some of the more important ones will be discussed later.
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The pattern of bud set and limb development on cut terminals
of Scotch pine is summarized in Figure 5a, and it may be seen that
the number of buds formed following pruning of this species was
quite high after shearing at all six times during the summer. The
numbers showed a slight downward trend when prunings were made
after mid-June, except for a decided increase in the number formed
after prunings made in early-August. The reason for this early-August
increase will be discussed later. As shown in Table 2, these values for
Scotch pine are from approximately 200 to 250 per cent as great as
the number of buds on unpruned trees. These increases on pruned
trees were found to be statistically significant, as shown in Appendix
Table 1. The total number of limbs formed on Scotch pine showed
a pattern similar to that of the number of buds formed (with the
exception of the early-August prunings), with actual numbers usually
being one or two below the number of buds. The total number of
limbs formed after prunings represented values of about 190 to 230
per cent of that found on unpruned controls, with differences being
statistically greater for all periods.
Effective limbs actually contributing to the foliage density of the
tree showed a somewhat different pattern, with the number being
greatest after early-June prunings and declining steadily until the last
prunings in mid-August. The divergence between effective limbs and
number of buds (unlike that between total limbs and total buds)
increased steadily the later the date of prunings. This indicates that
although the number of buds formed on terminals of Scotch pine
pruned late in the summer is nearly as great as the number formed
after earlier prunings, many are weak and small. Although most of
these buds develop into limbs, as indicated by the similarity in the
two curves for total buds and total limbs, many never grow large
enough to contribute to the foliage density of the tree. These small
limbs may persist on the inner portions of the whorl, or in some cases
they may die after one of two growing seasons (Figure 6). As shown
in Table 2, the numbers of effective limbs were 200 per cent as great
as those on unpruned controls after early-June prunings and only about
130 per cent as great after mid-August shearings. Statistical tests
(Appendix Table 1) showed that these increases were signifcant for
all times of prunings. These tests further indicated that the down-
ward trend in number of effective limbs formed after pruning was
statistically significant. Limbs formed on trees pruned in early-June
were significantly greater in number than those formed on trees pruned
in July or August, whereas number of limbs on trees pruned in mid-
June proved to be significantly greater than those on trees pruned
in mid-July or later. When comparing values for mid-June and early-
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FIGURE 6. Limb development following pruning on Scotch pines. Note the
presence of several small limbs, particularly near the bottom of the whorl.
Many of these limbs will never develop sufficiently to contribute to the foliage
density of the tree.
July, differences approached statistical significance (mean difference
of 0.18 for the two periods compared with a "D" value of 0.20). This
same pattern persisted for all other comparisons between numbers
formed after primings in successive periods (early-July vs. mid-July,
mid-July vs. early-August, and early-August vs. mid-August).
The patterns for red pine (Figure 5b) varied somewhat from
those of Scotch pine. The number of buds formed the first summer
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after primings on terminals of red pine was greatest in mid-June and
declined steadily until mid-August. In most instances, stems cut in
mid-August failed to set buds during the remainder of that first sum-
mer and fall after pruning. The number of buds on pruned trees was
about 170 per cent of that on unpruned trees after mid-June prunings,
and this value decreased to to 10 per cent in mid-August. Numbers
of buds were statistically greater (or nearly so) on trees pruned from
early-June to mid-July than on unpruned trees, whereas those trees
pruned in mid-August had fewer buds than did unpruned trees
(Appendix Table 1).
Limb formation showed another quite different pattern, partic-
ularly in comparing late-season prunings. The total number of limbs
formed was greatest after mid-June prunings and declined slightly
but steadily until mid-August. In comparing the late-season values
(those after early-July) for buds and total limbs, it will be noted
that there were actually more limbs formed than there were buds
formed the previous year. This discrepancy can be explained by the
fact that on terminals of red pine pruned after early-July, some buds
developed during that summer and additional ones were formed the
following spring. Only those trees pruned in mid-July or earlier had
statistically greater numbers of total limbs than did unpruned trees.
The number of effective limbs on red pine was maximum after mid-
June prunings, with numbers declining steadily to mid-August. In
comparing the effective limbs on red pine with unpruned trees, how-
ever, only those pruned from early-June to early-July showed in-
creases in numbers (approximately 115 to 135 per cent), while the
trees pruned later actually had fewer limbs than did unpruned trees.
Of these values, only mid-June prunings produced statistically greater
numbers of effective limbs than did unpruned trees, while those
pruned in August had statistically fewer limbs.
In some respects the results obtained with white pine were
similar to those for red pine. The number of buds formed on pruned
terminals of white pine increased slightly from early-June to early-
July and then fell off rapidly (Figure 5c). Almost no buds were formed
on stems of white pine cut in mid-August, and in many cases stems cut in
early-August also failed to set buds. Comparison of pruned and unprun-
ed trees showed that trees sheared in mid-July or earlier had a greater
number of buds than unpruned trees, and trees pruned after mid-
July showed a decrease in numbers. These differences were statistically
significant (Appendix Table 1). Unlike red pine, no appreciable num-
ber of new buds formed the following spring on terminals of white
pine pruned in late summer. Therefore, the patterns of limb develop-
ment on white pine followed closely that shown by bud formation,
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with total limbs formed being approximately identical to numbers
of buds. Effective limbs showed nearly the same pattern, except that
the number declined steadily after mid-June instead of early-July. In
comparison with unpruned trees the total number of limbs formed
on pruned trees was greater on those sheared in mid-July or earlier
and less on those pruned in August. With effective limbs only those
trees sheared in June or early-July had nearly as many limbs as did
unpruned trees, whereas all trees pruned later showed statistically
fewer numbers of limbs than did unsheared trees. For those trees
pruned in early-August or mid-August on which buds failed to form,
the cut terminals died back and an uncut whorl limb usually turned
up and became the new terminal of the tree (Figure 7).
In relation to bud formation after pruning, one factor was quite
constant for all three species studied. This was the fact that the
later the time of pruning during the summer, the smaller the buds
that were formed during that same summer on the cut stems. Those
buds formed after early-June shearings were nearly as large as those
on unpruned trees, with size generally becoming smaller as later shear-
ings were used. This was culminated in red pine and white pine on
which no buds formed after most mid-August prunings. Stems of trees
pruned at three separate times during the summer are shown in Figure
8.
Studies by Larsson (1961) indicate that prunings prior to early-
June are generally not advisable. In these studies he found that im-
mature shoots pruned in May failed to form as many buds or limbs
as did those pruned in early-June. Growth on stems pruned in May
varied little from stems sheared in June.
Effect of Time of Pruning on Terminal
Growth the Following Year
In the pruning operation, all of the original buds at the tip of
the stem which would normally develop into the following year's new
whorl of limbs and terminal are removed. Therefore, one or more
of the new buds which form on the cut stem must develop into a
new terminal or terminals. If shearing has been done properly, as
described earlier, one of the buds on the cut stem will occupy a
position somewhat above the others. This bud will usually develop
into the new terminal of the tree (Brown 1961).
Figure 9 summarizes for all groups of individual species the effects
of different times of pruning on subsequent growth of the new ter-
minal which develops on cut stems of Scotch, red, and white pines.
The patterns shown by the three separate species in this figure are
13
FIGURE 7. White pine one year after pruning made in late-August. The pruned
terminal has died and an unpruned lateral is beginning to turn upward.
somewhat similar, with maximum growth occurring on stems pruned
in June and growth falling off rapidly as later dates of shearing are
used. In the curves for Scotch pine and red pine these relationships
are nearly linear, whereas with white pine it is nearly linear for the
four earliest pruning dates and then falls off sharply for the August
prunings. This sharp break is a reflection of the fact that, as men-
tioned earlier, few buds formed on stems of white pine sheared in
14
FIGURE 8. Bud formation on Scotch
pine following pruning at three separ-
ate times during the summer. The
tree at top (left) was pruned in mid-
June; the one at top (right) was
pruned in mid-July; and the tree at
left was pruned in mid-August.
EARLY- MID- EARLY- MID- EARLY- MID-
JUNE JUNE JULY JULY AUGUST AUGUST
TIME OF PRUNING
FIGURE 9. Relationship between time of pruning and terminal growth the
following year.
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FIGURE 10. Terminal growth on
Scotch pine following pruning at three
separate times during the summer.
The tree at top (left) was pruned in
mid-June; the one at top (right) was
pruned in mid-July; and the one at
left was pruned in mid-August.
early- and mid-August. Usually these buds were so small that they
failed to grow at all or grew very little and never developed into
normal limbs. Figure 10 shows growth on Scotch pine following
pruning at three separate times.
The reason for this decline in growth is related to size of buds
formed after the trees were pruned the previous year. It may be
recalled that buds become progressively smaller the later the date of
pruning. The following spring, when growth usually begins, shoot
growth from these smaller buds does not start immediately, but rather
buds enlarge for a period of time and then shoot growth begins. The
smaller the buds, the longer it takes for this enlargement phase, and,
consequently, less time remains for shoot growth.
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Since the normal objective in shearing is to regulate the length
of the terminal to approximately 9 to 12 inches, anything that dras-
tically reduces the length of the terminal that forms can be of con-
siderable importance. For example, if growth on the new terminal
is only 4 to 6 inches on pruned trees, several additional years may
be required to grow the tree to marketable size, all other factors being
equal. For this reason the reduction in growth caused by late prun-
ing could be very important. Figure 9b shows that even trees sheared
in early-June do not show as much growth as do unpruned trees. If
the trees to be sheared have considerable growth, the reduction caused
by pruning may not be so serious. For example, if a plantation of
Scotch pine is to be pruned and terminals on unsheared trees are
approximately 20 inches in length, trees pruned in early-July might
be expected to show approximately 75 per cent as much growth the
following year, or about 15 inches. This would still be sufficient to
allow normal pruning. However, if trees to be sheared show only about
10 inches growth, about 7 to 8 inches growth would be expected if they
were pruned in mid-July.
Variations in Bud Set and Shoot Development Caused
By Differences in Growing Season and Altitude
The trends in bud set and shoot development discussed earlier
were based on averages of all data collected for a particular species.
For Scotch pine and red pine this included prunings in six separate
years, with four separate locations for Scotch pine and three locations
for red pine. For white pine, prunings in three separate years at the
same location were included. As might be expected, variations from
these averages did occur. These could usually be explained by differ-
ences in the growing seasons during which the studies were carried
out. Of particular importance was the "lateness" or "earliness" of the
growing season, the time at which growth commenced in the spring,
because of the effect on the stage of development of the stems at the
time when pruning was done.
Several investigators who have studied growth patterns in forest
trees have found that there may be considerable differences in the
time at which growth commences in the spring. Baldwin ( 1931 ) and
Cook (1941) studied growth of several northeastern conifers and found
variations in starting dates for growth of white pine of nearly a month
and for red pine of over two weeks. Dates of cessation of growth
also varied, but not so much as did those for initiation of growth.
Usually a late start in growth resulted in a reduction in the total length
of the growing season. In these studies, and in those of Kramer (1936),
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beginning of height growth in the spring was found to be closely
correlated with warming up of temperatures, and cessation in growth
was found to be more closely correlated with photoperiod, the rela-
tive length of the day and night periods. In other studies with white
pine, Husch ( 1959 ) found that photoperiod had an overall controlling
influence on cessation of leader elongation, with some variations re-
sulting from yearly changes in available soil moisture. Baldwin (1931)
and Kramer (1943) also studied the periodicity of growth at widely
separated latitudes and found that the date of initiation of growth
was later the more northerly the latitude. In studies by Kramer at
Durham, North Carolina, and Keene in New Hampshire, growth of
planted white pine started nearly one month later in New Hampshire
than in North Carolina, while final cessation of growth occurred at
nearly the same time at both locations.
In the studies reported here the most noticeable departures from
the average trends already discussed were for the years 1959 and
1961. Bud and limb development patterns on Scotch pine for these
two years are shown in Figure 11. If this figure is compared with
Figure 5a, it may be seen that in 1959 bud set and limb development
showed a steady downward trend beginning in early-June, instead of
declining after mid-June or early-July. This indicates that growth had
progressed further when the first prunings were made in early-June.
The situation in 1961 was just the reverse, with development showing
a definite lag behind the averages. In both years these differences
were most noticeable in the data for early- and mid-June. By the
middle of July no significant differences from the average trends could
be determined. Deviations similar to those shown by Scotch pine were
also shown by red pine and white pine in 1959 and 1961.
Examination of weather records for the years covered by these
studies revealed that temperatures in April and May were probably
most important in affecting the growth patterns of the species tested.
Temperatures for these months for the years 1957 to 1962 are sum-
marized in Table 3. The table shows that temperatures in 1959 and
1961 (the two years in which bud and limb development varied the
greatest from averages) deviated from normal temperatures through-
out most of April and May. The April, 1959, temperatures were well
above average, except for a short period during the last week of the
month. This was followed by temperatures in May that averaged over
three and one-half degrees above normal. The April, 1961, temperatures
were consistently very low, followed by a cool May in which tem-
peratures averaged over five degrees below normal. As may be seen
in Table 3, temperatures in other years deviated somewhat from the
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FIGURE 11. Bud set and limb formation on terminal stems of Scotch pine in




Temperature Patterns for the Six-Year Period (1957-1962) During
Which Pruning Studies Were Carried Out
Deviation from Average Temperature* for Period and Year
1957 1958 1959 1960 1961 1962
April 1 to April 10
April 1 to April 20
April 1 to April 30
April 1 to May 10
April 1 to May 20



































"Temperatures are expressed as deviations, in degrees Fahrenheit, from averages for the
periods indicated for the years 1957 to 1962. Data were from the Brandonville, West Virginia,
weather station, which is located within 15 miles of all four areas used in pruning studies.
great amounts as those for 1959 and 1961. In 1957, 1958, 1960, and
1962, bud and limb development patterns conformed fairly closely to
those shown in Figure 5.
Efforts were also made to check effects of differences in altitude
on pruning results. During the summer of 1958 prunings were con-
ducted at five locations in West Virginia in addition to those previously
discussed (Table 1). These were near New Martinsville (800-foot ele-
vation), Pine Grove (1,200-foot elevation), Buckhannon (1,500-foot
elevation), Brandonville (1,850-foot elevation), and Reedsville (2,100-
foot elevation). The only data taken on these trees were number of
buds after pruning (no information was taken after 1958). Results of
these prunings were somewhat variable, although comparison of the
lowest and highest sites involved (New Martinsville vs. Brandonville
or Reedsville) showed definite differences in bud set patterns. For
example, the maximum bud set at New Martinsville occurred on red
pine which was pruned in early- and mid-June, whereas the maximum
on trees pruned at Reedsville occurred after early-July shearings. The
same trends were shown by prunings of Scotch pine at New Martins-
ville when compared with those at Brandonville. For white pine, maxi-
mum bud set occurred on trees trimmed in mid-June at New Martins-
ville and on those pruned in mid-July at Reedsville.
Precipitation also had an effect on pruning results, specifically
on the number of buds formed after pruning. This was most notice-
able on buds formed after late-season prunings; little or no effect
could be ascertained on prunings made in the earlier part of the
summer. The reason for this difference could not be determined exactly,
although it is probably related to the amount of moisture stored in the
soil. During the winter and early spring months moisture is being
added to the soil, so that when growth begins in the spring there is
usually an abundance of water available for it. As the summer pro-
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gresses, moisture is lost through use by plants and evaporation faster
than it can be replenished by precipitation. The amount of precipita-
tion can become increasingly important in regulating growth functions
under such circumstances.
The effects of late-season precipitation on bud set shows espe-
cially well in the data for Scotch pine. In Figure 5a the pattern for
bud set on pruned trees is rather uniform, increasing from early- to
mid-June and then decreasing steadily until mid-August, except for a
decided increase in early-August. This jump was caused by extremely
large numbers of buds (often 40 to 50 on a single stem) being formed
after mid-August prunings made at Reedsville in 1957, 1958, and 1960,
and at Bruceton Mills in 1958. In these instances there was either
abundant late-season rainfall or dry weather prior to pruning, followed
by a substantial rain at or near the time of pruning. Results in 1957
especially emphasize this relationship. At Bruceton Mills, the pattern
of bud set failed to show a jump after early-August prunings, but those
at Reedsville showed a very decided increase. Examination of weather
records revealed that precipitation was low in both areas for the months
of June and July. August precipitation in the Bruceton Mills area was
also very low, but in the Reedsville area one sizeable rain occurred
during the first week of the month, just after the early-August pruning.
In following the course of limb formation from these buds, it
will be noted from Figure 5a that neither number of effective nor
total limbs formed after pruning showed the increase in early-August
that was shown by the number of buds formed. This indicated that
many of the additional buds formed after late-season prunings were
small and did not develop into limbs. Visual examination of such
pruned stems confirmed this, and most of the additional buds were
found to have died between the time they were formed in the fall
and when new growth started the following spring.
Variations in Bud Set, Limb Formation, and Growth
On the Terminal and Different Whorls of Limbs
In previous sections, the patterns of bud set, limb development,
and growth following pruning of the terminal were discussed. Of im-
portance also are the results of prunings on the whorl limbs, which
must be trimmed in order to shape the tree into an even, conical out-
line.
To check these effects, data were taken concerning development of
buds and limbs originating from prunings on the terminal and the three
topmost whorls of limbs. Three separate groups of Scotch pine, three
of red pine, and one group of white pine were used for these compari-
sons. Results are summarized in Table 4.
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TABLE 4
Bud and Limb Formation on Pruned Stems of Different
Whorls of Limbs
Num3eh of Whorl from Terminal






























































































































































































































Patterns of bud set and limb development were quite similar for
all three species tested. Statistical tests (summarized in Appendix Table
2), comparing differences among all means, indicated that for all three
species the numbers of buds and limbs formed after primings on
terminals were significantly greater than the numbers formed after
prunings on any of the three whorls of limbs. Actual numbers formed
were approximately twice as great on the terminals as on whorl limbs.
Comparisons also showed no statistical differences between results of
prunings on the two uppermost whorls of limbs, while, with one
exception, the numbers of buds or limbs formed after pruning on
the top two whorls were statistically greater than on the third or lowest
whorl tested. In the one exception, number of buds after pruning on
Scotch pine, the difference between the means of whorl 1 versus whorl
3 and whorl 2 versus whorl 3 approached the computed value of "D,"
which would be significant. Thus the trends shown by all three species
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were the same, with maximum bud set and limb development from
prunings on terminals, approximately equal numbers on the first two
whorls of limbs, and the least number (of those whorls tested) on the
third or lowest whorl.
Analysis of stem growth on the terminal and three whorls of limbs
indicated precisely the same pattern as that shown by bud and limb
formation. Statistical tests (Appendix Table 2) revealed that maximum
growth occurred on terminals, while there were no statistical differ-
ences in growth on the two uppermost whorls of limbs. Growth from
the third whorl was significantly less than that on the terminal or two
whorls above.
Differences in Bud Set and Limb Development
After First and Later Prunings
Table 5 summarizes the results of first and later prunings on the
same groups of trees. For the purpose of making comparisons, data
for all second, third, and fourth prunings were combined. This was
possible because no differences among results of these later prunings
could be determined.
Statistical tests, summarized in Appendix Table 3, showed that
first prunings produced greater numbers of buds, total limbs, and ef-
fective limbs than did later shearings on the same trees. These differ-
ences were significant for all three species. Differences were greatest
for buds after pruning, with increases in numbers averaging from 30
to 50 per cent. Increases in total number of limbs formed after first
prunings ranged from 15 to 25 per cent, and numbers of effective
limbs had similar increases. Of the three species, Scotch pine had the
greatest increases in bud set and limb formation, followed by red pine
and then white pine.
Needle Length as a Guide to Proper Time to Prune
The ratio of the length of the new needles on the developing stem
to the length of the old needles on the previous year's terminal was
evaluated, during the course of these studies, as a possible guide or
aid in determining the best time to prune. In arriving at this ratio,
new needles from the base of the newly developing terminal were
measured and this length was compared with the length of needles at
the base of the old terminal. A summary of ratios, by year and species,
is presented in Table 6. The averages presented for each species in
this table are not completely reliable estimates of long-term means
since only six years' data for Scotch and red pine and three years' data
for white pine are presented. However, they can be used as indicators.
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°In data for bud and limb formation, comparison is presented for first prunings as com-
pared to averages for all later prunings (2nd, 3rd, and 4th). Such grouping was used because
no variations could be determined between results of these later prunings.
This ratio of length of new needles to old needles was found
to be a rather reliable guide to the stage of stem development, and
therefore to pruning results. Examination of Table 6 shows that there
was considerable variation in ratios from one year to another, par-
ticularly in the early-season values, where differences were found to
be closely correlated with variation in temperature patterns during
the early portion of the growing season, particularly in April and May.
Notable among these differences are the values for 1959 and 1961,
which, as previously discussed, were years in which temperatures in
April and May varied consistently in one direction from long-time
averages. It will be recalled that 1959 had an abnormally early grow-
ing season, while 1961 was late. In both of these years, temperature
variations were reflected in results obtained from early- and mid-June
prunings. Table 6 shows that when prunings were begun in early-
June of 1959 new needles were considerably longer than usual. For
Scotch pine the ratio was 0.79 compared with the six-year average
of 0.56, and for red pine the ratio was 0.47 compared with the
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TABLE 6
Summary of Ratios of Lengths of New Needles to Lengths of Old
Needles at Various Times of Pruning of Scotch,
Red, and White Pines
Yeah
Length of New Needles















































































































































average of 0.35. In 1961 this pattern was reversed with ratios in
early-June running well below the averages.
In other years slight variations from the averages can be noted,
and these also can be correlated fairly closely with temperature pat-
terns. In 1957 early-June ratios indicated that needles were slightly
longer than average. This was correlated with temperatures which
were about average in early-April, high in late-April, and about one
degree above normal in May. In 1958 and 1962 temperatures were
generally slightly lower than normal and this is reflected in the needle
ratios which were also slightly below average. In 1960 temperatures
and needle ratios were both about normal.
If the average values in Table 6 are used as a guide, it would
appear that in early-June of a year in which temperatures are near
average the length of new needles on Scotch pine would be approxi-
mately one-half as long as the old needles, and new needles of red
pine would be about one-third as long as old ones. For white pine
the figure is somewhat less reliable, since only three years' data are
represented, but it would appear that values for red and white pines
would be fairly comparable. Therefore, these early-June ratio values
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could be used as an indicator of stem development, and thereby as
an indirect clue to results of pruning.
For example, if a comparison in early-June of needles on Scotch
pine showed that new needles were three-tenths as long as old ones,
an unusually late growing season would be indicated. In such a year
results of prunings in late-June or early-July would approximate those
of early- or mid-June in a normal year. In such a year small trees
could be pruned later than usual with acceptable results. On the other
hand, if needle ratios indicated a particularly early growing season it
would be well to prune small trees as early as possible in the summer
so that growth the following year would be sufficient to allow for
normal pruning.
An interesting fact that might be noted from Table 6 is that (at
least within the range of tree sizes utilized in these studies) length of
new needles on Scotch, red, and white pines increased slightly each
year over the length of needles formed the previous year. In most
years this increase averaged between 10 and 20 per cent, as shown
by the values for mid-August. It might also be noted from Table 7
that needle growth commonly continues past mid-July and often into
August. This is considerably later than shoot growth which has normally
been completed by early- or mid-June.
Summary and Conclusions
Pruning or shearing of pines is of great importance if high quality
Christmas trees are to be produced. In these studies Scotch pine, red
pine, and white pine were pruned at six separate intervals during the
summer months over a six-year period. Quite different results were
obtained from shearings made at different times. Rather distinct pat-
terns of bud set, limb formation, and shoot growth were determined
for each of the species tested, and each of these trends can have
an important bearing on tree development.
Formation of buds on pruned stems varied somewhat among the
three species. For Scotch pine and red pine the maximum numbers
of buds were formed after mid-June shearings, with the number de-
clining as later trimmings were used. For white pine, maximum num-
bers of buds were formed after shearings made in early-July, with the
number declining rapidly as mid-July or August prunings were used.
For Scotch pine, numbers formed on trimmed stems were greater at
all times than the numbers on unpruned controls. For red and white
pines, only those trees pruned in June or July formed greater numbers
of buds than were formed on unsheared trees.
27
The total number of limbs formed usually followed patterns very
similar to those shown by bud formation. One notable exception was
limb formation after late-season primings of red pine, where greater
numbers of limbs were formed than there were buds formed during
the previous growing season. These additional limbs originated from
buds which were formed the spring after prunings. With the addi-
tion of these extra buds and limbs, all pruned stems of red pine,
except those pruned in mid-August, had greater numbers of total limbs
than did unpruned trees, while white pine, pruned in August, had fewer
limbs than did unpruned trees.
Trends in the two factors which are probably of greatest im-
portance to proper development of a well-sheared Christmas tree were
fairly constant. These factors are shoot growth after pruning and the
number of effective limbs formed—the limbs which actually contribute
to making the tree more dense. Trends in both of these indicated
the importance of early-summer pruning.
The number of effective limbs formed varied only slightly. For
Scotch pine, maximum numbers occurred after early-June prunings
with the number decreasing steadily as later shearings were used. With
red and white pines, this trend was modified slightly, with even
numbers or a slight build up in June, followed by a steady decline in
July and August. In the case of white pine, usually no limbs formed
after mid-August prunings. For Scotch pine, numbers of effective limbs
were greater than the numbers of effective limbs on unpruned trees,
regardless of time of shearing. For red pine, only those trees pruned
in June or early-July showed increases, and for white pine the num-
ber of effective limbs on pruned trees never exceeded those on un-
pruned trees. Only those white pines pruned in June or early-July
had nearly the same number of effective limbs as did unpruned trees,
while those pruned in mid-July showed slight decreases in the number
of limbs, and those pruned in August showed decided decreases or
no limb formation.
Shoot growth followed a pattern quite similar to that for effective
limb formation, except that for all three species maximum growth
occurred on early-June pruned stems, and growth declined steadily
on those sheared later in the summer. For white pine, trees trimmed
in mid-August usually failed to produce any new growth, and pruned
stems normally died back to an unpruned whorl.
An important consideration related to shoot growth was the fact
that even with early-June prunings the growth on trimmed trees was
not so great as that on unpruned trees. Early-June sheared Scotch and
red pines had approximately 85 to 90 per cent as much growth as
unpruned trees, whereas white pine trimmed at the same time had
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only about 65 per cent as much growth as did unpruned trees. In
mid-July these values were about 65 per cent for Scotch pine and
less than 50 per cent for red and white pine. Mid-August values were
36 per cent for Scotch pine, 17 per cent for red pine, and only
to 5 per cent for white pine.
The implications of this growth pattern could be quite important
to the Christmas tree grower. In young plantations, for example those
only three to four feet in height, new terminal growth just begins
to exceed 12 inches. Therefore it is important to prune these trees
in early summer, preferably in early- or mid-June, to insure that growth
the following year will be sufficient to allow normal shearing. On the
other hand, in pruning older trees where terminal growth is greater,
say 20 inches, it would be possible to trim later in the summer and
still have sufficient growth the next year to allow normal primings.
Therefore, if a Christmas tree grower has a large number of trees
of several size classes, it would be well for him to schedule operations
to work over the smaller trees that need pruning first and leave the
larger trees until last if operations are to be extended into July or
August.
The principal factors which could modify the patterns that have
previously been discussed are seasonal differences in growing condi-
tions and significant changes in latitude and/or altitude from those
of the areas utilized in these studies. Temperature variations would
be most important in their effects on early-summer pruning, for results
of these studies indicated that differences caused by "early" or "late"
growing seasons were confined largely to early primings. Little or
no effect on shearings made in late July or August could be determined.
Variations in rainfall patterns were most effective in causing differ-
ences in bud set on stems pruned late in the growing season, and
any extra buds formed usually did not develop into effective limbs.
Another factor which could be important in shearing was re-
vealed in these studies. Pruning at different levels on the trees pro-
duced differences in results. Maximum bud set, limb development,
and shoot growth originated from shearings on the terminal, with
equal results from prunings on the two topmost whorls (but fewer
numbers or less growth than on the terminal). Fewer buds and less
growth occurred after pruning on the third whorl of limbs, the lowest
of those tested. In pruning, this pattern can be utilized in developing
a properly tapered tree. If a narrow, conical outline is desired, it
will be necessary to prune fairly heavily on the upper whorls, with
somewhat less shearing on lower whorls. If a broad outline is desired,
the amount of trimming needed on upper whorls will be less.
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First primings on trees were found to produce more buds and
limbs than any of the succeeding prunings which might be carried
out on the same trees. These differences were greatest for bud forma-
tion and somewhat less for total and effective limb formation. Scotch
pine showed the greatest increase in numbers after first prunings when
compared with later ones, followed by red pine and then white pine.
The ratio of length of new needles on developing shoots to length
of old needles on the previous year's terminal was found to be a reliable
indicator of early-season growth patterns in the three species tested.
Since these growth patterns can effect the results of pruning, needle
ratios provide an excellent indirect clue to results which can be ex-
pected from shearings. In early-June, average lengths of new needles
on Scotch pine were approximately one-half those of old needles. Sim-
ilar early-June ratios for red and white pines were approximately one-
third those of old needles. If needle measurements taken in early-June
exceed those ratios, an early growing season is indicated. In such a
year it would be well to confine pruning to the earlier part of the
summer (June and early-July) if possible. If needle measurements taken
in early-June indicate a late season, pruning can probably be extended
into late-July with good results.
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APPENDIX TABLE 3
Statistical Comparison of Results of First Prunings
Versus Later Prunings
Species
Comparison and "t" Value, with 5 d.f.













NOTE: Data transposed by VX + 1 before analysis ( Snedecor, 1956).
^Denotes significance at 5 per cent level.
"Denotes significance at 1 per cent level.
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